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(54) Improved electrochemical-sensor design 

(57) Disclosed is an improved electrochemical sen- 
sor having a base bearing a working and reference 
electrode which provides a flow path for a fluid test sam- 
ple. The working electrode has a reaction layer on its 
surface which contains an enzyme capable of reacting 
n anaiy-e to j 1 - irons wt s eeived 
by the working electrode. Trie base is mated with a 
cover to fot n - v o w> ch the test fluid 

s dravw The « p over i or jur i the 

working an s hat a major por- 

tion of the reference electrode is located downstream 
on the flow path from the working electrode wittt the 
exception of a small sob-element of the reference elec- 
trode which « in electrical communication with ihe pri- 
mary portion of the reference electrode arc! located 
upstresm of toe wmnq electrode. This configuration 
provides the sensor with the capability of sending a 
at!y reduced to he op, ce - detect 

ing element in the event that the capillary space is 
incompletely filled with lest fluid. This reduced signal 
can be manipulated to produce an error signal which 

^ affirma sose that such incom 

«j| ptee filling has occurred. 
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Description 

Background of the invention 

[0001] The vent on relates to an e •<•••• 

chemical biosensor that cars be used for the quantitation 
l 3 > ^ - l aiyte) a liquid sample 

Eieeirechemlcal biosensors of the type untie- consider- 
ation are disclosed in u.S Patent Ncs. 5,120,420 and 
8,264.103. These " - t ig base jpon 

wnieh carbon electrodes are printed with me electrodes 
being covered wit}; a reagent layer comprising a 
hydrophiiso polymer In combination with en exiooreduct- 
i - ' t 5 i i stents typically 
involve a spacer element, a generally U shaped piece 
and e cover piece, so the; when tne ease, spseer eta- 
meet end cover piece are laminated together, there is 
created a ca i J t 

ed o t i e o .<: id e r e b u 

ase, there is included an electron acceptor on the 
reagent layer cr In another imyer within the capillary 
space, A hydropic polymer, e.g. carboxymetbylcellu- 
1086, is used to facilitate the drawing of the aqueous test 
fluid info the capillary space. 
[G002] In U S. Patent 5,141,868 there is disclosed 
another sensor in which the electrodes are contained 
within a capillary space. This reference describes the 
method of preparing a sensor by mating the base and 
cover plates which are adhered So the base to form a 
capillary space into which a fluid -est sample such as 
blood is drawn. An eftemaove to ties design: is disclosed 
in U.S. Patent 5.788.031 Id which the sensor is com- 
prised of two pieces, a case and a concave lid wnicn. 
when fused together, term the capillary space. In either 
embodiment, working and reference electrodes are 
sceen printed onto tne case so that en electrochemi- 

aliy i sated current cart flow when these electrodes 
see electrically connected and a potential created 
between them. 

|0003] These devices have a base plate and lid 
which are la i \ ; *aped spacer 

element in between so that the U shaped portion is 
open to provide iheb se and 

She cover Tone f i de of le sen- 

sor to a drop of test fluid such as blood results in the 
bloori being drawn into the oanillary apace, so -hat it 
covers the reaction layer on the surface of the working 
between the oxldore- 
ductase creates a flow of eiec;reas which are carried by 
a mediators i f rk r < ale t ode 

and flow throng . palectroci neter which 
measures ths magnitude of the current flow. The refer- 
ence electrode serves e si purposes First it pro- 
vides a fwed potential against which the working 
electrode s so -,t r cctt >ys- 

- te i ii R ;s 1 ar 1 _ ie refe 
ence electrode is used to complete the electrical circuit 
fn this mode, each t r r -f-rred to the 
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working electrode is re! ur i solution on the 

reference electrode side. The device's software is pro- 
grammed to correlate the magnitude of this flow with the 
concentration o it i order for 

s this current to flow a complete circuit Is formed by cov- 
ering both electrodes with the conductive test fluid and 
applying a potential therebetween 
[0004] A problem which is sort es assc ted 
with this sort of sensor occurs when an insufficient 

to amount of blood is appt« i ... ingsothatths ref- 
erence and i le are i n ete y ov 
ered with the sample, resulting in an incomplete current 
flowing ss the eleotrorji ount of a 
lyte such is glue in* nsor is iirectly 

is ^ i k c tl currei f f e de action 

mater, failure to completely cover the sensor's elec- 
trodes can result in an artificlalSy low reading of the 
blood sample's glue ■>« ration )ne ecrmigut 
for dealing with hits under filling problem is disclosed In 

Oi? US. Parent 5,628,590 which involves a mechanism for 
preventing any response from being detected when the 
sample volume is too low to provide an accurate read- 
ing. This device involves a strip comprising an elon- 
gated electrode support defining a sample transfer path 

as rpir w mp from a sample applies 

tion point There is placed a working electrode in the 
sample transfer path and a counter cr reference elec- 
trode down stream from the working eiectrode in the 
sample transfer path. Failure of the blood sample io 

33 totally cover the w; > ■ • - \ .v-ll result in no 
response from the reading mechanism due to the 
absence of a closed c I vhict ^utieni can 

(0005] It would be desirable and it is an object of the 
so present invention to provide an eleetmchemlceJ sensor 
el 1 * tiveiy not ne i wo isufficient 
sample das con-acted She electrodes. Upon receiving 
such a notice the user knows that an accurate reading 
cannot be obtained and teat tne sensor should be dis- 
40 carded in favor of a new one. 



[0006] Them se in at electrochemical 

se isoi for dt j i oncei tration of ei - is yte 
e.g. glucose, in a fluid feat sample, such as blood. The 



1} a base which provides a flow path for the fluid 
so test sample having on ifs surface a reference eiec- 
odi or j i caicomm 

nication with a de 1 a teal current, 

2! a reaction layer on the surface of the working 
ss electroa v t in et /me which reacts 

with the analyte ;o produce electrons that are trans- 
ferred io the working electrode, and 
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vhioh wt i w i J 

ber forms a capillary space with an opening for the 
s -uace. The 

capillary space encloses the flow path for the faid 
tec; sample in which the reference and working 
electrodes are contained. these electrodes are sit- 
uated on the base in relation to the opening so that 
a majorportion of the reference electrode * located 
downstream of the opening from the working elec- 
trode The reference stectnxte contains 3 sub-eie- 
rrsent which is located upstream of the working 
electrode, so that when electrical communication 
between only the su ertsei >f the reference 
eiectrode and working electrode cine to incomplete 
< ' pi r r -> r 

occurs, there is insufficient flow of eiectrlcal current 
through the detector to constitute a valid test tor the 
v r harm it y ' > mple. ! r 

the event nt such n t 

rent, the detector gives an error signal to notify the 
us hat th v f s f 1 i m r 1 sh 
repeated. 

Brief Description of the Qrawirvg 

fOOOTj 

Fig, 1 represents an exploded view of the sensor ot 
the present Invention, 

Fig. 2 represents the sensor's base and those ele- 
ments of the sensor which are applied directly to 
the base. 

Desc '.'it or? of She Ipyentspo 

[0008] The - ochemica sen 

sor wit;; which the presem invention is concerned Is 
illustrated by Fig. 1 The sensor 34 is made up of insu- 
lating base 3S upon which is primed in sequence topi- 
cally by screen printing techniques) an electrical 
nductof pat - tern {39 sin 40 

an insulating (die ectfi< ! pails - H and finally a reaction 
layer 44. The function of the reaction layer is to convert 
glucose, or another enaiyte in the fluid test sample, sto- 

lemieeify t ms of electr ca s » ent tt 

produces, by the components of the electrode pattern, 

T i Ik f v. ,- il) , '1 . t c, 1 ;• Wl I 

reads with the ansiyte to r- .hue moDile electrons on 

rod u i < - • > apt 
a temcyanlce salt to came the mobile electrons to the 
surface of the working electrode. The enzyme m the 
reaction layer can be combined with a hydrophilic ooiy- 
i ^ -n f i ie) Thetw parts 39 and 

40 of the eieeti i > 1 * g 39 ai ef- 

erenee 40 elect electrochemical 
determination of the anslyte which is the crux of the 



present invention. The working and reference elec- 
trodes are con hgu nam; i hat the major 
portion of the - rede is located down- 

stream {in terms of the direction of fluid fiow along the 
s flow path} from the evr> J the working else 

frcde 39a, This configuration offend the advantage of 
allowing the test fluid to l - ei the exposed 
portion of the w t 1 estnwhi .an 

tmdetect-- j > ^e.'er sub s It- 

upstream from working re ement 39a so 

that when an inadequate amount of fluid such as blood 
to completely cover the working electrode enters the 
cap:«ary space there will be formed an etectricai con- 
is nection between reference eiectrode sub-element 40a 
and expos I portion oft ewc*n r < n - 
39s due to iiie conductivity of the blood sample. How- 
ever, the area < vh 1 s •.si 
able for contact by -he blood sample is so small that only 
: >o a very weak current car; pass between the electrodes 
and hence through the current detector. By programi- 
ng t i t detect jive an error signal when 
the signal t re iv : c . e- u t determined 
e ee I _ >. it invention ectivel 
.0,7 advises the user mat insufficient blood has entered the 
sensor's cavity and that another test should be con- 
ducted. While the particular dimensions of the elec- 
trodes are not critical, the area of the sub-element ot the 
1 ypicaliy less than ab tu + 1 0% 
■jo than that of the working electrode and preferably less 
than about 6%. This element is made as email as possi- 
ble in view of the restraints of the screen printing proc- 
ess. It is also contemplated that reaction layer 44 can foe 
removed from contact with sub-element 40a ot the 
35 counter electrode. This is accomplished by producing a 
screen that does not print reagent i nk over the reference 
electrode sub-element 40b and serves the purpose of 
starving the sub-element for reagent thereby not allow- 
ing it to function as & pic lectrode, soifcat 
40 anerrc conditio! - case f failure of the 
test fluid tc contact the ) erence em-it dt 
>' - i - 1 a being p tysl 

electrode 40, such physical connection is not critical. 

c ,'siceliy disconnected ben 

t* 0 est of t k ^ t f it is prr 

video with its own connect or and the sensor is equipped 
with a third contact to the defector. 
[(3009] The two parts 39 and 40 of the printed elec- 
50 trcde pre de I reference e ecrooes nec- 

essary to ' ation of anaiyte. 

The electrode in*:, which is about tag (0.00055"} thick, 
typically contains electrochemical active cartwn. 
Components ' ii <r nk are a mixture f tat 

cat resistance path between the electrodes and She 
meter with which they are in operative connection via 
contact witn tne c n iu< n t . ittern a the lish tail end of 
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the sensor 48, The reference electrode can ba com- 
f. sea of s ve - jt os bon is pre- 

ferred. The function of the dielectric pattern is to 
insulate the electrodes from me fluid tost sample except 
in s defined area rear the center of the electrode pat- 
tern to enhance Use reproducibility ol the meter reading. 
A defined area is important n this type of eleetmchem'i- 
cal determtf at m he i assured current is 

dependent both on the conamtrafton of the anaiyte and 

soa'yte conta i \ eeiric layer 

4^ reprises a UV a r fied polymetl 

anewhicf soi u C s04' thick. The US which 
provides a concave space 48. and which is typically 
forme i by en t of form.abie mate 

rial, is punctured to provide ao vent hO ana iomeci to the 
base 36 in a sealing operation. 'The id and base can be 
sealed together by sonic welding in which the base and 
o r t f t jether between 

a vibratory haa er or horn an j 

ary {aw. Tfia horn is shaped such that contact is made 
only with the flat non-em f pons o? toe d. 
Uttrasonic energy from a crystal or other transducer is 
used to excite vibrations in me metal horn. This 
mechanical energy is dissipated as heat in the plastic 
joint allowing the bonding of the thermoplastic materi- 
als. The embossed !id and base can also be joined by 
use of an adhesive material on the underside of the ML 
The method of joining the lid and base are more fully 
described In U.S. Patent S, 798,03! which is incorpo- 
rated herein by reference. 

£0010| Suitable materials for the insulating base 
Inciode polycarbonate., polyethylene terephihalate and 
i , to ifc s as wail 

as polymer blends such as oolyoartsonete/oofyethyier'e 
torephtbalate and metal tea structures such as a 
nyion/aiuminurrvpoiyvinyf chloride laminate. The fid is 

*i ) aiiv f to i e i 0 it " j t i t < a. e 

material such as polycarbonate or an embassage 
grade of potye coifier oc! 

yethylene terephihalate or a metal foil composition saoh 
as an aluminum hat structure. Tee dielectric layer can 
be fabricated from an aeryiate modified polyur ethane 
whfc rable b\ i oist or vinyl pah, 

mer which is heat curable, 

[00111 flie construction of a sensor according to 
to- present im rtion is eo rdir g tc the 

following example: 

Example i 

[0012f "T - ' i ' amor ate is 

printed with vanoos mks to form toe electrodes S3 and 
40 and then ve 1 ti lecfrjc aver 42 i a 
predetermined pattern designed so leave a desired sur- 
face of the ete i by the fluid test 
sample as it enters ! \ y t )e mating o! 
fid 46 and o^ f g jrat on of the 



dielectric layer - to I in Fig t in which opening 
43 leaves the reagent layer in electrical communication 
with the electf las 39 and 4 < i to define the 

extent to which aft of the conductive elements (working, 

s reie-ence an are exposed to 

the test fluid. Along with the printed conductive features, 
' - size ot each of these ele- 

ments. The electrodes an , i itod so thai the 

conductive and dielectric layers are ciiose to 90 degrees 

jg tc each other. This helps in the tolerance stackup tor 
building the sensor be - < s the registration 
issues since as either printing shifts around the ole- 
^o r base ji 

the present invention is also iiiustrated in Fig. 2 m which 
J5 ail elements on the base are shown in the same plane. 
The sensor's base 36 has conductive element 38 on its 
surface which is in turn overcoated with working elec- 
trode 39 and refareoce electrode 4b. Dielectric layer 4?. 
is not shown bo f ng i the dielectric 

layer i show- to illustrate the portions; of working eieo- 

eiectrica tunica! * irg portion c* the 

reference electrode, designated as 40b. functions in this 

eg embodiment to provide an electrical conduction path 
with lha working electrode suet; that the fluid can tie 
detected as having reached the working electrode. Suf- 
ficient current will be provided to initiate the test 
sequence. If the test fluid falls to fill the sensor cavity 

38 and contact the major portion of the reference elec- 
trode, an ei s detected ana communi- 
cated to the user of the device. 
(0013) A large number of sensors according to the 
present it vet e ■> ate i ft ear ed s teei of 

ss polycarbonate which has been unrolled to provide a fist 
surface This sheet : s referred to as the lid stock since it 
semes as the source for a multiplicity of lids. There is 
typically pb rdalayei jhsstve on the 

underside of the ttcistcch after which concave areas 48 

40 (Fig. 1) are embossed into the polycarbonate sheet and 
various holes are punched into the sheet to provide vent 
holes 50 and for registration and tracking before slit rib- 
s f dst h are ed tec typica 1/ 

cf polycam ■>, l various ir <s to form the 

*s elect odes and to i » 

in a prede i - = e - oe e i 

>t the els t - i - 14 

when it is printed over the dielectric layer. 
{0014J The present invention introduces the advan- 

so tags of pro j i mete tmsc in which the 

reference and working sk b , configured so 

that in the event of a short fill, the result win be affirma- 
tive as ooposed to a neutral response, i e. a failure of 
the detector to give any signal. Thus, when the amount 

55 of test fluid v» c ters the capita space is sufficient 
tcccvertfcm f e electrode 40a 

or 4% in the pre ear Simertt, and that portion of 
the working eiectmdc 39 r 
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main portion of the reference electrode 40, she detector 
will sense a current but the current wilt be weaker than 
wouid be the case it the working and reference elec- 
trodes were completely covered wltn the test fWd. The 
detector can be connected with the reading means to 
provide an error signal which wiii alert the user to the 
occurrence of a short f9i. There are provided means for 
the current over time 
f s j c bso&te current sew 

determine it an error conditio;! has occurred. This is 
accomplished by aigorithmicaily programming the 
meter to detect th f j I i cor s f at 

a definite time period, after ihe test fluid has electrically 
connected the sub-element of the reference electrode 
with the wed g< I era) ' 1 ie currents for 

the two measurements Is used to determine if the sen- 
sor has filled properly. For exampis. ohe current is leas- 
ee; a; 5 and 1 it a f the 
driving potential to the circuit, and these two currents 
are converted info s ratio. This ratio and the current 
reacting at 10 seconds-: are used to l"k'i i " If Ik >m 
; operiy A sample calcu- 
lation is 03 'o »s: Thre " teasurements are 
made during the test sequence- ! ) at the end of an initial 
period known as bum-off in which the driving potential 
has been applied for 1 0 seconds denoted as \ r ^; 2) at 
the S seconds during the second period known as the 
read period when (tie potential is applied denoted as V,; 
and 3 t the t i t he read rind d 
Figure 1, Two parameters s i from the three 
current measurements. These two parameters are used 
to determine if the sensor's c 35. 
properly. The first parameter is the decay factor, which 
describes the shape of current time course. The second 
pa«j <t h mi P tt j > ft it I rat 1 ie ay 
in the current tare! during the reed phase. The decay 
factor, k. is defined as: 

k nT01lr{5i Eq ' 1 



'The Reaa-to-Bum ratio, R/B Is defined as 

Ihe criteria tors short m using these parameters are: 

(1}|{k<0.227ork>0.497;or 
(2; if R/B or R/B > 1.263. 

A sample cafculation is as follows: 
An under-fiiied sensor produced the following three cur- 
rent measurements: 

!J>1Cte505.1 nA, Lr5=658.5 nA, and 
Lr10=:561.enA, 



The decay factor and Rtiad-tc-Butn ratio were ealcu- 
iatedfromt^e ei suremenSs; 

Decay factor 

fQC15] 

, ni in r t^f m r Ud d 

' "" liiTTOHrUBT '"' '"InlToTTnfS! "" ^ 

Read-to-Burn ratio 
[0016] 

R/B= l,.,,d b ,, ; = 5b1 8/505.1 = 1.11 



« - - ij? at this g os 

True because k=0.22 <0.227: 
• R/B«0.263 or R/8> 1.263 at this glucose readback 

level. Raise because R/B = 1.11 >0.263 and 

<1 .263. 

[0017] By providing a device which gives a positive 
(as opposed to a neutral) response in the event of a 
short fill, the user w!ii recognize that the abortive func- 
tion of the tesf Is a result of too little blood entering the 
capillary space rather than some other maifunction hav- 
ing caused the anomalous result. 

Claims 

1. An eiectrocnen'iioei sensor for detecting the con- 
centration 0! analyte in a fluid test sample which 
comprises: 1 ) a base which provides a flow path for 
the fluid test sample having on its sudaoe a refer- 
eac" 1 - ( deineiect "o 

commi nicat t - ol rent 

2) a reaction layer on the sui-fece of the working 
electrode comprising v\ enzyme which t > 
the analyse to produce electrons that are trans- 
ferred to ihe working electrode; and 3; a cover 

i t ise member form 

capillary space with an opentng or the int < 
of fluid test sample thereto which specs contains 
the flow pad: for the fluid test sample in which the 
reference and work , are siti teds; 

that the n jjor r ortior t the refi I * 

locateo downstream of the opening from the work- 
ing electrode with a sus-eiement of the reference 
eiectrode being upstream of the working electrode 
so that when eiectr 3 • .■ unication between 
only t) e si eieme a id w >rk'» 
pa^e there is insuftk 1 ' it u ca current 
through the detector to constitute a valid test for the 
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concentration of maSyie If) the fluid test comple and 
•he detector is pre-programmed to en-it an error sig- 
nal intheev* - f - w of eSac&rtcal 
currant. 

5 

2. The sensor ot Cfeinrs l wherein the reference elec- 
trode and the sub-element ere physically con- 
nected. 

3. r»c sensor of Ctain r s n ade c f k> 
a deformable mate 1- a v, n - i ned to provide 

i ci he centra ;>or son tf r „ / su h 

the! when The cover if mgts-ri wish the base member 
■he cover and the base member form the capillary 
space with the opening therein. is 

4. The sensor ot CSaim 1 wherein the opening to the 
capiiiary space is solely through the cover or the 
base member 

5. The sensor of Claim & wherein -he opening issoteiy 
through the cover. 

6. The sensor of Claim 1 wherein the base and cover 
are configured to form the opening when they are 
mated. 

7. The sensor of Claim 8 wherein the cover is concave 
and the opening is formed by t 

the concave cover. an 

8. The sensor ot Claim 1 wherein the enzyme is glu- 
cose oxidase. 

9. The sensor of Claim 1 wherein a major portion of as 
the working electrode is covered by a dielectric 
materia! leaving a minor portion of it exposed to the 
test field and the major portion of the reference 
electrode ss located downstream (in terms of the 
direction of fluid flow along the flew path) from the 40 
exposed portion of the working electrode. 

10. T he sensor of Claim 1 wherein the sub-element of 
the reference electrode Is not physically connected 

to the main element of the reference electrode and *s 
the sub-element is connected to ;he .detector oy its 
own connecting element. 
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